particularly concerning the adoption of the principles of NIC. A special NIC unit within the department was formally inaugurated in 1990, following a period during which the concepts of NIC were gradually introduced. The purpose of the present work was to analyze the effects of the changes in the management of patients with SAH on their clinical outcome and especially on mortality rates during a 12-year period (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) . We focused on the following issues: 1) has the increased awareness of the emergency nature of this disease changed diagnostic workup, referral patterns, and, thereby, changed the population of SAH patients reaching a neurosurgical unit; and 2) has the changed management regimen, such as the introduction of NIC, improved outcome of patients with aneurysmal SAH in a defined population?
Clinical Material and Methods

Patient Population
The neurosurgery department at the University Hospital in Uppsala provides service for a defined population referred from more than 20 county or local hospitals at distances of up to 600 km. During the 12-year period under investigation, the population increased from approximately 1.3 to 1.7 million people.
Diagnosis and Definitions
Subarachnoid hemorrhage was defined as the bleeding that caused the patient to seek medical attention. Diagnosis was based on the results of computerized tomography (CT) scanning or lumbar puncture. The patients were grouped according to Hunt and Hess grades 13 on admission. Essentially, all patients were examined by CT scanning, and the amount and distribution of subarachnoid blood was assessed according to Fisher's scale. 5 We further analyzed CT scans obtained in the patients and separately noted the presence of intracerebral hematoma (ICH) and intraventricular hemorrhage (IVH). Rebleeding was defined as a recurrence of a sudden severe headache or an abrupt neurological deterioration. In most instances rebleeding was confirmed by CT scanning. The diagnosis of an aneurysm, in most cases, was based on cerebral angiography, which focused on the identification of the ruptured aneurysm. In older patients and in patients with "poorgrade" SAH in whom the distribution of blood on the CT scan suggested a ruptured aneurysm in the anterior circulation and in whom an aneurysm was found by carotid angiography, no further investigation involving the vertebral arteries was generally performed. In some patients an aneurysm was diagnosed at surgery and in patients who died before angiography could be performed, the aneurysm was generally diagnosed at autopsy.
Data Collection
Medical records from all patients with spontaneous SAH treated at our department from 1981 through 1992 were manually searched. Patients with SAH not caused by an aneurysm were excluded. All data were recorded according to a predefined protocol.
Thirty-day, 6-month, and 12-month mortality rates were recorded from the Swedish National Death Register. Subarachnoid hemorrhage was considered to be the cause of death in all patients dying within 12 months after the hemorrhagic episode. A follow-up review of all patients was conducted 2 to 9 years (mean 5.2 years) after SAH occurred, according to a modified Glasgow Outcome Scale (GOS), 17 in which the patients were categorized as having favorable outcome (good recovery or moderate disability); severe disability; or poor outcome (vegetative state or death). The outcome assessment was based on written interviews with the patients or their relatives. Altogether, a reliable GOS score could be obtained for 862 patients (99%).
Because 2 to 9 years had elapsed before follow up, unrelated causes of death were uncovered by a detailed survey of medical records and death certificates. Forty-five patients were considered to have died of unrelated causes more than 1 year after suffering SAH, 30 of whom were treat-ed from 1981 to 1986 and 15 of whom were treated from 1987 to 1992. Thirteen patients died of cardiovascular disease and six of an unrelated cerebrovascular incident; 13 died of cancer, three as a result of suicide, and 10 of other causes. There was no particular difference between the causes of death in the 1981-to-1986 group and those in the 1987-to-1992 group. The GOS assessment of patients who had died of unrelated causes was based on the patients' clinical conditions before development of the disease that subsequently caused their death. This was established from information obtained in medical records or by interviewing the patients' relatives. In this way a bias toward better outcome during the later period was avoided.
Statistical Analysis
The 12-year period (1981-1992) was divided into 2-year intervals to illustrate longitudinal changes in the demographics of the patients. To allow robust statistical analysis, the 12-year period was divided into two parts, Period A (1981) (1982) (1983) (1984) (1985) (1986) and Period B (1987 Period B ( -1992 . Statistical analysis was performed using commercial software (JMP version 3.2.2; SAS Institute, Inc., Cary, NC) on a personal computer. Nonparametric methods were used, and a probability value less than 0.05 was considered significant.
Management Strategies
During the first years of the study period, patients with good-grade SAH (Hunt and Hess Grade I or II) generally underwent surgery within 3 days. A more rigid policy was gradually adopted, in which early surgery (0-3 days) was practiced in most conscious patients (those with Hunt and Hess Grades I-III SAH) and also in some patients with Hunt and Hess Grades IV to V SAH who had no hematoma and showed improvement after CSF drainage. Space-occupying hematomas in unconscious patients were surgically treated during the acute phase in both Period A and Period B. Nimodipine has been used in the majority of patients with SAH since 1986 and in virtually all patients since 1988. Moreover, in the beginning of the 12-year period under investigation, most patients were treated in ordinary wards, and only those requiring artificial ventilation were treated in a general intensive care unit. The principles of NIC were gradually introduced and, from 1987, were more consistently applied within our department. They involved bed rest for the patient with around-the-clock surveillance by NIC unit nurses trained to detect neurological deterioration also in artificially ventilated patients. The level of consciousness and the neurological status were registered for each patient every 1 to 2 hours and noted in a special bedside chart. The nursing staff was also trained to detect all potentially avoidable factors that were known to be detrimental to the SAH patient, such as intracranial hypertension, hypoxemia, hypotension, pyrexia, hyperglycemia, hypovolemia, and seizures. 3 Pulse oximetry, arterial blood pressure, body temperature, and central venous pressure were continuously monitored in most patients. Intracranial pressure was monitored via an intraventricular catheter, which in most instances was inserted as an emergency procedure at the time of hospital admission in affected patients or in some cases if the patient exhibited deterioration. Toward the end of the later period, ventriculostomy was used in essentially all obtunded and unconscious patients and in awake patients with intense headaches who had dilated ventricles or large amounts of subarachnoid blood on CT scanning. Furthermore, ventriculostomy was also used in selected cases during aneurysm surgery to allow CSF drainage during the operation and for postoperative ICP monitoring. The use of CT scanning increased during the study period, and CT scanning emerged as a cornerstone of brain surveillance. The NIC treatment focused on ICP control and the maintenance of normal body physiology. Special attention was paid to keeping all patients in a normovolemic or slightly hypervolemic state. Cerebrospinal fluid was drained against a controlled pressure of approximately 15 mm Hg and only after ruling out expansive intracra-nial lesions as the cause of the intracranial hypertension. Vasospasm was clinically diagnosed but only after CT scanning ruled out other causes of neurological deterioration. During Period B, transcranial Doppler data obtained by a trained nurse were also used to diagnose vasospasm. In patients with repaired aneurysms who had symptomatic vasospasm, CSF was drained at lower ICP levels to improve cerebral perfusion even further. The 3-H therapy was also used. Angiography was seldom used to diagnose vasospasm. Prophylactic antibiotic and anticonvulsant medications were not used.
Results
Altogether 1206 patients with acute SAH were admitted between January 1981 and December 1992. Of these, 874 patients (72%) had proven aneurysmal SAH. One patient was treated with endovascular coil placement and was included in the epidemiological review only; the data obtained in the remaining 873 patients form the basis of this report. The number of SAH patients reaching the neurosurgical department increased somewhat during the study period, but this did not reach statistical significance (Period A: incidence of 6.1 per 100,000 persons per year; Period B: incidence of 6.7 per 100,000 persons per year; not significant; Table 1 ). There was also a slight increase of aneurysmal SAH patients (Period A: incidence of 4.5 per 100,000 persons per year; Period B: incidence of 4.8 per 100,000 persons per year; not significant; Table 1 ).
In Table 2 some characteristics of the patient population are shown. The mean age of the patients increased slightly during the 12-year period (Period A 50 years, range 13-72; Period B 52 years, range 18-76; p = 0.05), as did the preponderance of female patients (Period A 57%; Period B 64%; p Ͻ 0.05). Subarachnoid hemorrhage was * ACoA-perical A = anterior communicating artery-pericallosal artery; ICA = internal carotid artery; MCA = middle cerebral artery; NS = not significant.
diagnosed on the same day it occurred (Day 0) in 69% of patients and within 1 calendar day in 81%, a stable figure over the years. During 1981 to 1982, 28% of the patients were admitted to the neurosurgical unit on Day 0 compared with 66% during 1991 to 1992 (Period A 41%; Period B 56%; p Ͻ 0.001). Some differences in the distribution of patients according to Hunt and Hess grade were found between the studied periods. The proportion of Hunt and Hess Grades I and II patients remained unchanged (Period A 47%; Period B 47%). On the other hand, the proportion of patients with Hunt and Hess Grade III SAH on admission decreased over time, from 44% during 1981 to 1982 to 30% during 1991 to 1992 (Period A 39%; Period B 31%; p Ͻ 0.05), and the proportion of patients with Hunt and Hess Grade IV SAH increased significantly (Period A 11%; Period B 17%; p Ͻ 0.01). The proportion of patients admitted with Hunt and Hess Grade V SAH was virtually unchanged (Period A 3%; Period B 5%; not significant). A distinct preponderance of Fisher's Groups 3 and 4 was seen, and these groups increased slightly over time (Period A 81%; Period B 85%; not significant). Nine percent of the patients arrived intubated during 1981 to 1982 as compared with 26% during 1991 to 1992 (Period A 11%; Period B 22%; p Ͻ 0.0001). The use of ventriculostomy also increased (Period A 12%; Period B 51%; p Ͻ 0.0001, Fig. 1 ) and was generally used for longer periods of time (Period A mean 7 days; Period B mean 10 days; p Ͻ 0.05). Angiography was performed within the 1st calendar day in approximately 50% of all patients with no significant change over time. The frequency of angiography of both the carotid and the vertebral circulations increased from 15% during 1981 to 1982 to 60% during 1991 to 1992 (Period A 15%, Period B 45%, p Ͻ 0.0001). The location of aneurysms did not change over time. A distinct shift toward earlier surgery occurred, and the total number of patients who were surgically treated increased from 80% during Period A to 93% during Period B (p Ͻ 0.0001).
Despite the increased use of ventriculostomy, the occurrence of rebleeding after admission decreased significantly (Period A 13%; Period B 7%; p Ͻ 0.01). The infection rate increased considerably over the years (Period A 5%; Period B 14%; p Ͻ 0.0001), mainly because of an increased incidence of pneumonia, septicemia, meningitis, and ventriculitis, whereas the incidence of flap osteitis or intracranial abscess did not increase over time and occurred in approximately 2% of patients.
The 30-day mortality rate decreased from 29% during 1981 to 1982 to 9% during 1991 to 1992 (Period A 22%; Period B 10%; p Ͻ 0.0001, Table 3 and Fig. 2 ). The 6-month mortality rate also decreased from 34% during 1981 to 1982 to 15% during 1991 to 1992 (Period A 26%; Period B 16%; p Ͻ 0.001, Table 3 and Fig. 2 ). The 12-month mortality rate was virtually the same as the 6-month rate; therefore, the 6-month mortality rate was used for subsequent analysis. Reduced incidences of mortality were observed in all Hunt and Hess grades. The most prominent reduction in the mortality rate occurred among patients with Hunt and Hess Grades I and II SAH.
The overall clinical outcome assessed after 2 to 9 years ( Fig. 3) showed that the proportion of patients with a favorable outcome increased over time from egory also increased (Period A 9%; Period B 16%; p Ͻ 0.01), whereas the proportion of patients with poor outcome decreased (Period A 30%; Period B 18%; p Ͻ 0.001). The most conspicuous change in clinical outcome occurred among the patients with Hunt and Hess Grades I and II SAH, in whom the favorable outcome group increased from 75% during Period A to 86% during Period B (p Ͻ 0.01), whereas the severe disability group remained virtually unchanged (6%) and the poor outcome group decreased from 19 to 8% (p Ͻ 0.001). In patients with Hunt and Hess Grades III to V SAH, a significant reduction in poor outcome occurred between the studied periods. However, this coincided with an increase in the proportion of patients with severe disability, whereas the proportion of patients with favorable outcome was essentially unchanged (Table 3 ). There was no difference in mortality rates and clinical outcome when comparing men and women with different Hunt and Hess grades on admission.
Surgical mortality and outcome figures are given in Table 4 . The surgical treatment consisted of aneurysm clipping in 95%, aneurysm trapping in 4%, and ligation of the parent vessel in 1% of patients. The 6-month mortality rate for all patients with surgically repaired aneurysms decreased slightly (Period A 15%; Period B 12%). In patients with Hunt and Hess Grades I and II SAH a significant decrease in the 6-month surgical mortality rate was found (Period A 12%; Period B 5%; p Ͻ 0.01), as well as an increase in patients with favorable outcome (Period A 80%; Period B 88%; p Ͻ 0.05). In contrast, no significant difference in the surgical mortality rate at 6 months or clinical outcome at 2 to 9 years was found in patients with Hunt and Hess Grades III to V SAH.
Two hundred one patients experienced ICH, 89 during Period A and 112 during Period B ( Table 5 ). The 6-month mortality rate for all patients with ICH decreased from 38 to 29%, a reduction found in all Hunt and Hess groups; however, this decrease did not reach statistical significance. Clinical outcome assessed 2 to 9 years after SAH occurred showed a small decrease in both favorable outcome and poor outcome groups and an increase in the severe disability group. An examination of clinical outcome results stratified according to the Hunt and Hess grades shows that, in patients with Hunt and Hess Grades I and II SAH with ICH, there was a clear, although not statistically significant, trend toward an increase in favorable outcome and a decrease in both severe disability and poor outcome. The clinical outcome of patients with Hunt and Hess Grade III SAH did not change statistically, but a tendency toward lower numbers of patients with poor outcomes and higher numbers with severe disability and an unchanged favorable outcome was seen. In patients with Hunt and Hess Grades IV and V SAH, the proportions of patients with favorable outcomes and those with poor outcomes decreased, whereas the proportion of patients with severe disability increased.
One hundred fifty-eight patients experienced IVH, 65 during Period A and 93 during Period B. There was a dramatic reduction in the incidence of mortality and an improvement in clinical outcome when comparing Period A and Period B (Fig. 4 and Table 6 ). Overall, the 6-month mortality rate decreased from 62 to 31% (p Ͻ 0.001). In IVH patients with Hunt and Hess Grades I and II SAH the 6-month mortality rate decreased from 54 to 6% (p Ͻ 0.01) and in those with Hunt and Hess Grade III SAH from 63 to 22% (p Ͻ 0.01). No significant change in 6-month mortality rates for patients with Hunt and Hess Grades IV and V SAH was noted. At the 2 to 9-year follow-up assessment of clinical outcome in IVH patients, overall increases in favorable outcome and severe disability were found, coupled with a reduction in poor outcomes. Breaking down these figures according to Hunt and Hess grade on admission, the most conspicuous improvement occurred in the patients with Hunt and Hess Grades I and II and those with Grade III SAH, whereas no statistical changes occurred among patients with Hunt and Hess Grades IV and V SAH.
We applied the "talk and die" concept originally formulated by Reilly, et al., 33 for studies on traumatic head injuries and identified the patients who had talked on admission and subsequently died. During 1981 to 1982, 76% of the patients who were dead at 6 months had talked on admission (Hunt and Hess Grades I-III), whereas during 1991 to 1992 this figure was 32% (Period A 69%, Period B 50%; p Ͻ 0.01).
Discussion
The present longitudinal study of overall management results in a defined population of patients with aneurysmal SAH from a single institution provides evidence that the prognosis of this disease has improved during the last decades. The most striking results were the gradual reduction in mortality rates and improved clinical outcomes in patients with Hunt and Hess Grades I and II and in those patients with IVH. The changes in the mortality rates and clinical outcomes in patients with Hunt and Hess Grades III through V SAH were less conspicuous; in some subgroups reduced incidences of mortality were found, but
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Improved survival after aneurysmal SAH few of the survivors subsequently appeared to reach a favorable outcome. These results contrast with the recently presented view that no essential improvement in the prognosis for patients with SAH has occurred since the 1950s. 35 Previous similar studies have only indicated a decreased mortality rate, and none has demonstrated statistically significant changes over time in both management and outcome in an unselected population, probably due to the size of the studied populations. 7, 12, 16, 25, 29, 34 
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Methodological Considerations
The mean annual incidence of aneurysmal SAH in our patients was 4.65 per 100,000 persons. More than 97% of the patients were younger than 70 years. If corrections are made for the fact that approximately13% of the Swedish population is older than 70 years and that approximately 15% of patients suffering from aneurysmal SAH die before reaching neurosurgical care, 24,36 the true incidence of aneurysmal SAH would be approximately six per 100,000 persons, and the incidence of all SAH approximately eight per 100,000 persons, which is in accordance with most population-based studies conducted during the CT scanning era (except for those in Finland and Japan). 22, 25, 37 A population-based study from one county hospital in our region, which refers patients to us, showed an unchanged incidence of SAH between two time periods: 1975 to 1978 and 1983 to 1986. 38 Several other studies have also noted that the incidence of aneurysmal SAH has been stable for decades. 8, 22 Thus, the increased number of patients reaching our unit during the late study period probably reflected an increased awareness of this condition at referring hospitals and an increased propensity to refer patients in severe clinical condition. Moreover, the patients were admitted sooner after SAH during the late period. Previous studies have shown that early admission creates a significant bias by increasing the number of patients who have a severe neurological condition and generally a poor prognosis.
14, 43 We observed an increase in the number of patients with Hunt and Hess Grade IV SAH during the late study period.
There were more women than men in our study population, which is a common observation in most larger populations of patients with SAH. Interestingly, the percentage of women increased over the 12-year period. The reason is unclear, but it has been suggested that it is caused by increased exposure to risk factors for SAH such as smoking, alcohol consumption, and hypertension among females. 38 Moreover, the study population increased in age over time and the older a population, the higher is the female preponderance. 15 However, no gender-specific differences in mortality and clinical outcome were found.
One important issue concerns the time point at which the incidence of mortality should be assessed in studies of this kind. Thirty-day mortality rates may be invalid because inevitable death may be postponed for several weeks by the use of NIC or high-dependency care. This assumption is supported by the fact that the difference between the 30-day and 6-month mortality rates in this study was larger during the later period, that is, when more active and prolonged care was given to patients during the acute phase of the disease. We conclude that the 6-month mortality rates provides a reliable estimate because it includes more than 90% of patients who eventually die of SAH within 2 to 9 years. It seems unnecessary to study the mortality rate at 12 months because only a few patients die between 6 and 12 months.
For the assessment of clinical outcome, the GOS was used because of its widespread use and validity for neurosurgical patients. 17, 20 However, the severe disability category of the GOS contains a wide range of dependency, from patients needing only some attention to their daily activities to those who are bedridden and incontinent. This is important to consider because this study, as well as another recent SAH study, 18 showed that a reduction in the incidence of mortality was coupled with an increase in the number of survivors with severe disability, and to estimate the value of this improvement further differentiation within the severe disability category would have been desirable.
We conclude that the demonstrated reduction in the incidence of mortality and the improved clinical outcome were not caused by changes in the studied population or by patient selection. On the contrary, older patients in a more severe condition were in fact admitted during Period B. Thus, during 1981 to 1982, patients with Hunt and Hess Grades IV and V SAH constituted only 13% of the patients and during 1991 to 1992 they constituted 27%. The latter figure is comparable to the distribution of poorgrade patients in larger population-based studies. 21, 26, 34, 37 It is therefore most likely that the improved results were a consequence of the changed case management.
Case Management Changes
An examination of major management changes that occurred over the 12-year period demonstrates that the total number of patients who underwent surgery, as well as those who were surgically treated within 3 days, increased over time. Because it is well known that rebleeding is a major cause of incidences of morbidity and mortality after SAH and that early surgery improves outcome, at least in patients with good-grade SAH, it is reasonable to assume that the increase in surgical treatment played a role in improving the results. 11, 12, 28, 40, 41 The beneficial effect of early surgery on patients with poor-grade SAH has been less substantiated. 42 Although early surgery and aggressive NIC apparently reduced the rate of mortality in some subgroups of patients with poor-grade SAH, this reduction appeared to occur at the expense of increasing numbers of severely disabled survivors.
Controlled trials have demonstrated the beneficial effects of nimodipine on clinical outcome. 1, 10, 29, 31, 39 This factor may also have contributed to the progressive reduction in mortality rate and improvement in 2 to 9-year clinical outcome.
One of our primary objectives was to analyze the impact of NIC on mortality and outcome. This is difficult because NIC is not a particular treatment modality but rather a general concept or structural frame for patient care characterized by close surveillance by the NIC team, using an array of diagnostic and monitoring techniques, to detect clinical deterioration or the absence of expected improvement, thereby making it possible to intervene before irreversible brain damage develops. The increased diagnostic and monitoring activities presumably lead to a faster and more precise use of the therapeutic armamen-tarium, thereby contributing to the improved overall results.
The continuous registration and control of ICP probably constituted one of the most important parts of the NIC protocol. Increased ICP due to CSF resorption disturbance is common after aneurysmal SAH, 41 and several studies have demonstrated clinical improvement after CSF drainage. 9, 32 The main advantage of CSF drainage appeared to be that more patients became candidates for surgery because their preoperative neurological condition improved or deterioration was prevented. We found no association between the more abundant use of preoperative CSF drainage and rebleeding. On the contrary, the rebleeding rate diminished from 13% in 1981 to 7% in 1992. We cannot tell whether CSF drainage influenced the risk of rebleeding per se because the increased use of ventriculostomy coincided with the increased use of surgery. Cerebral infection is a well-known adverse effect of ventriculostomy and drainage of sanguinous CSF; an increased frequency of meningitis and ventriculitis was reported at approximately the same level as that reported by others.
2,32
The most conspicuous improvement in overall management results was seen among patients with Hunt and Hess Grades I and II SAH, in whom the 6-month mortality rate decreased and the number of patients with favorable outcome increased. The surgical mortality rate and clinical outcome in this group also improved over time. This implies that the results observed during Period B were not a consequence of increased aneurysm surgery per se. Instead, better postoperative NIC probably also contributed to the results. The improved quality of surgery during Period B may also have played a role in improving the surgical results, but essentially the same group of senior surgeons was active during the whole study period and the only change in operative technique was a more frequent use of temporary clipping during aneurysm dissection or after intraoperative rupture.
The changed management strategy had a less marked effect on the incidence of mortality or clinical outcome in the patients with Hunt and Hess Grades III to V SAH, although approximately one-half of these patients eventually made a favorable outcome during both periods. It should be emphasized that the goal of treatment of patients with aneurysmal SAH is to prevent additional brain damage and, at least in many of the patients with Hunt and Hess Grades IV and V SAH, irreversible brain damage had probably already occurred before admission to the neurosurgical unit or developed early after admission. This raises a number of issues concerning prehospital care and the referral routines for SAH patients. Moreover, a deeper understanding of the underlying biochemical and pathophysiological processes set in motion by a severe aneurysm rupture is needed.
Neurointensive care has its roots in clinical research and care of traumatic head injury. The pathophysiological process of SAH is similar to traumatic head injury, especially with respect to the impact of secondary insults, which occur after SAH and are independently related to clinical outcome. 3 This study has not focused on the impact of individual secondary insults on incidences of mortality or clinical outcome. However, the application of the talk-and-die concept 33 provides an overall index of the impact of secondary insults, including rebleeding, on the rate of mortality. The dramatic reduction in the number of patients who "talked and died" is clearly evidence that the changed case management strategy reduced the incidence of mortality due to secondary insults. This study suggests that the talk-and-die concept is suitable for assessment of SAH patients, because it provides an overall estimation of the quality of the neurosurgical care. Moreover, this concept facilitates comparison of management results because it is largely independent of variations in patient populations.
Conclusions
This longitudinal study of overall management results in patients with aneurysmal SAH provides evidence that the prognosis for patients with this disease has improved during the last decades, probably as a result of an array of management changes such as more active aneurysm surgery and NIC, including continuous ICP registration and CSF drainage.
